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Observations on Changes in the Blood Pressure and Blood Volume 
following Operations in Man. [Preliminary Communication.) 

By Captain H. C. Bazett, M.C., B.A.M.C. 

(Communicated by Prof. W. M. Bayliss, F.R.S. Eeceived October 8, 1918.) 

The cases here investigated were wounded men undergoing operations, and 
repeated examinations were usually made. Most of the cases showed only 
slight symptoms of shock. 

Methods.— lbs systolic and diastolic blood pressures were measured before, 
during, and after operations, a Biva Rocci apparatus being used. The 
auscultatory method recommended by Oliver was used to determine the two 
levels. The haemoglobin was estimated also, as far as possible, at the same 
time. The actual level of the haemoglobin value was read by Haldane's 
method, while the changes in any patient were determined by comparison of 
the different samples in a Du Borscq colourimeter. For this purpose suspen- 
sions of the corpuscles in a dilution of 1 in 200 in saline were used, the 
volume chosen being 10 c.c., and these samples were haemolysed. with saponin 
before being read in the colourimeter. For this method I am indebted to 
Prof. Dreyer, and it has proved more accurate than any other. The blood 
has been taken always from either the ear or the finger. In estimating 
the blood volume changes from these readings, it has been assumed that the 
blood volume varies inversely as the haemoglobin percentage. During and 
after operations this will be only relatively true, since haemorrhage occurs. 
The amount of blood lost may, however, be roughly estimated by the loss of 
haemoglobin in the first 24 hours after operation. In cases of slight shock, 
equilibrium will probably have been reached in this time. That this is true 
is indicated by the results obtained and put forward in Case I. In this 
patient a fair amount of blood was lost during the process of decompression 
for a fractured skull, and nearly all the blood lost was washed into buckets 
by a stream of saline running over the wound. The saline in these buckets 
was collected after the operation and the haemoglobin content was determined 
by reading the contents in the Du Borscq colourimeter against a sample of the 
patient's own blood, taken before operation. In this way it was calculated 
that he lost 782 c.c. of blood. By the determination of the change in the 
haemoglobin value in 24 hours, it was estimated that he lost 17*7 per cent, of 
his blood volume, and this was reckoned (taking Dreyer's formula for blood 
volume) to correspond to a loss of 760 c.c. The agreement was therefore 
remarkable, and it is probable that the methods are moderately accurate. In 
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all the Tables the calculations of blood volume are made neglecting this factor 
of haemorrhage. At the bottom of the Tables the estimated blood lost is 
given, and in the last column of the Tables corrected values for the blood 
volume are given in which the haemorrhage has been approximately allowed 
for. The results obtained seemed to indicate that the changes in the 
haemoglobin percentage of capillary blood do demonstrate the changes seen in 
the blood volume, provided that the lag due to a slow circulation and partial 
stasis is allowed for, the haemoglobin changes following those in the blood 
pressure. 

The results obtained are, briefly, that during the early stages of an opera- 
tion the pulse rate, systolic, and pulse pressures are all raised, while the 
diastolic pressure is also usually slightly raised, and at this time the 
haemoglobin percentage is slightly reduced, that is to say, the blood volume is 
probably increased. In the later stages of an operation, or in the post- 
operative stage, the blood-pressures all fall ; the pulse rate may remain fairly 
fast, and with the fall of blood pressure there is a blood concentration. Thus 
it is seen that in most cases the blood volume curve runs parallel with the 
blood pressure, except that it usually lags about half an hour behind the 
other curve, and when the circulation is sluggish, as in cases of shock, it may 
lag an hour or more (compare Cases II and III). None the less, the two 
curves usually show a marked similarity. The cases investigated, as a rule, 
have shown very slight blood concentration, since nitrous, oxide and oxygen 
anaesthesia was used in all cases in which shock was feared, and with this 
form of anaesthesia little or no shock was experienced. The pulse in even 
desperate patients was often actually improved by the amputation of a 
leg. Any ill effects following operation, in these cases with nitrous oxide 
seemed to be attributable to either loss of blood in the operation or exposure 
to cold. 

In one case (Case III) which was resplinted with no loss of blood, but 
considerable exposure of both lower limbs, there was a considerable fall of 
temperature, and this was the only case that showed real blood concentration 
to any marked degree. This case was anaesthetised with pure chloroform. 

Since the curves always showed such a marked similarity, the diurnal 
variations were investigated to determine if they showed a similar relation- 
ship. One chart of these (Case IV) is included, and it will be seen that the 
relationship still holds good except for a brief half-hour after meals. These 
diurnal variations cannot be discussed now ; I am indebted to Prof. Dreyeiy 
who first drew my attention to these marked diurnal variations in the 
haemoglobin percentage, for permission to mention this. He first worked out 
these diurnal variations in the haemoglobin percentage, and I only mention 
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them now in order that they may be compared with these post-operative 
changes. 

Since, then, there appears to be this interdependence of the changes in the 
blood pressure and blood volume, it seemed necessary to explain it. An 
artificial schema was used in which a raised reservoir of water supplied the 
systolic pressure; a tap connected this with the artificial arterial system, 
this tap (representing the contraction of the heart) being opened at the 
rate of 30 to 40 times a minute by hand, the time being judged by a 
pendulum. The arterial system consisted of thin -walled rubber tubing, 
ending in a resistance created by capillary glass tubes, which could be 
changed. The water flowing through was collected and measured. It was 
found that the output per minute (MV) was proportional to the product of 
the pulse rate and pulse pressure. 

MVoc PExPP. 

It was also found that the resistance (E) of the artificial schema arteriole 
was indicated by the following formula : — - 

p MP 

X0C (PExPP) 2 ' 

where MP is the mean pressure and a high figure for E indicates a high 
resistance—- but the proportion is not an arithmetical one. By the use of 
this formula it was easy to recognise, by the examination of the record, which 
of a series of capillary tube resistances had been used. Fig. A gives some 
examples of records obtained. In applying this formula, however, to blood 
pressure changes it did not appear to give reasonable results in cases where 
there were big changes of blood pressure. 

However, on examination of the average pulse pressures found in man with 
different systolic pressures, as quoted for instance in Oliver's ' Studies 
in Blood Pressure,' it is found that the pulse pressure is a function of the 
square of the systolic pressure, if the blood circulation is otherwise normal. 
Thus, taking the figures from Oliver's book, a child of 15 has a systolic 
pressure of 107, and a pulse pressure of 33, a ratio of PP/(SP) 2 of 0*00288. 
On the other hand, an arterio-sclerotic with a blood pressure of 165 
has a pulse pressure usually of 75, a ratio PP/(SP) 2 of 0*00275. The 
ratio is therefore remarkably constant. These results are charted in 
fig. B. 

In considering the actual circulation, the viscosity of the blood must also 
be allowed for. Pig. C shows the probable changes in the viscosity of the 
blood for man with different percentages of haemoglobin, this curve being 

2 L 2 
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calculated from Arrhenius' formula for the viscosity of suspensions, and some 
actual figures for blood kindly supplied me by Prof. Bayliss.* 



QO 

to 
to 

<D 
ft 

#40 



30 



zo 



10 



o 





.Curve tor normal -blood 


" 1 11 1 
pressure • 


with 






















J^xy^^^atqlic^Mood pressure : 




























it r.. 

1 i 


r. ~ (D.f.rx 0.00^5 




























1 1 j 1 1 1 f 1 1 [ p- -"T" r 


























varying' Systolic Mood jpre^dures at 


























c 


afferent ages quoted Jby Oliver 




























1 
























































i 
























































[ 




















































































. 




j 


t-*&-. 
























































/ 


























1 






































i 








































*s 






















































X 


<r 




















































^ 


x* 






































i 














^^> 
































































































r f- 
























































1 ! 




















































j .,. 



40 50 60 ?o 



80 90 100 no izo 130 140 150 160 170 18 o 
Systolic HLood pressure 

Fig. B. 



5o 
42 



C38 

H 

Pi 



-£? 



26 



•ft 
to 

o 

to 

£18 



14 



10 



" "I 1 .■»—■«■>■-—■■■ 






















)' ■ 




















- 




— , —1 








1 ■ 


•V"! :<*r 


*r»e 


&t 


\r 


A 


-rt-h^i 


1111 


*=> f nTT 


Ymlr3 


1n< 


r 77 


12: #s 


■ n-< 


DO* 


}6; 


44 








— _ 


-JLJJ 






V J 




"\ 


Viscosity of pla 5ma = 10 »3: of normal ' 


blooc 


- = 3I-J2 




/ 












X 


F; 


. I 1 \. 1 l ' U.I L 1 U 

>e>nre# invert 2v BdvJifiS for Celt. 






























£ 


'<£&. 200% crrf^- equivalent to So%hui 


n<zn 








































































































































































































































> 


on 
































































































































































































„. | 
























































































; 


> 








































































































X^" 


*^ 




















































< « 






















































X* 














































\ 


















# 






























































































. 





o 



10 zo 30 



40 50 60 70 80 90 xoo no 120 
Haemoglobin percentage 

Fig. C. 



130 140 



* Since this was written Trevan has published figures on viscosity changes ('Bio- 
chemical Journal,' vol. 12, p. 60), and has employed a different formula. His curve lies 
at a higher level, but is very similar to that given here within the limits of the 
haemoglobin values seen in these patients. 
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■'So' that the output of the heart per minute (MV) may be taken as being- 
proportional to PP/(SP) 2 xPE with a normal value of 0*225, while the 
average resistance of the arterioles is represented by the formula 

' " 4 cr MP 

1 * 77x[PP7(SP) 2 xPE] 2 ' 

where A is the resistance in the arterioles (a high figure indicating an 
increased contraction), MP is the mean pressure, nq is the viscosity of the 
blood in dynes/ 1000, and the other figures are as before. The normal figure 
for A is about 60, 

As modified in this way the formula gives results which usually corre- 
sponds with the blood volume changes actually observed, an increased vaso- 
motor tone as estimated by the blood pressure changes being followed by 
a blood concentration. The interrelationship of the blood pressure and 
haemoglobin percentage curves can then be explained. It will also be seen 
that in the case of diurnal variations, or patients with only slight shock 
(see Cases II, III, and IV), the value of A. may give a graph nearly parallel 
with the diastolic pressure changes. On the other hand, the relationship 
between the value of A and blood volume changes is not obvious in certain 
cases, especially in cases with nitrous oxide and oxygen anaesthesia, and in 
cases where the blood pressure falls to a very low level, where the changes 
cover a big range. Probably changes in venous tone are also of great 
importance, since venous contraction is often induced in septic patients under 
nitrous oxide and oxygen anaesthesia/*" It is possible, too, that the curve for 
the value of pulse pressures does not hold good for very low pressures. With 
high blood pressures the elasticity of the arteries may depend largely on the 
fibrous and muscular coats, while with, low pressures, the elasticity may 
resemble much more that of an elastic rubber tube. So that, while the 
formula seems to hold well for pressures above 100 mm., it is very possible 
that the pulse pressures should be divided by (100) 2 and not by the (systolic 
pressure )\ whenever the systolic pressure is below 100 mm. of mercury. 
Also, with very rapid pulse rates, it may prove necessary to take into con- 
sideration the shortening of the duration of systole. 

Rone the less the formula seems to hold good for most conditions. It 
demonstrates the fact that under circumstances such as exercise and excite- 
ment, the rise of systolic pressure is accompanied by an actual lowering of 

* ; It would seem, probable that changes in the blood volume maybe associated with 
alterations in the capacity of the arterial system, when parallel changes will be seen in 
the blood, pressure, or with alterations in the capacity of the veins, when the blood 
pressure is only indirectly affected. 
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the average vasomotor tone, the increased heart output more than com- 
pensating for the vaso-dilatation, and so raising the systolic pressure. This 
agrees with the fact that during exercise the diastolic pressure may fall. 

In the curves of diurnal variations the lag of the haemoglobin changes in 
the capillary blood behind the blood pressure changes is very evident, and 
the haemoglobin change is therefore probably secondary. On the other 
hand, the concentration seen in the capillary blood immediately after a meal 
occurs quickly, is transient, and has no parallel in the blood pressure 
changes ; it is probably a local and temporary change due to a local con- 
striction of the blood vessels. By reference to the Tables of Case IV it will 
be seen that an estimation of the haemoglobin of venous blood immediately 
after a meal showed it to be almost 10 per cent, more dilute than the 
capillary blood, while the capillary, blood itself showed this dilution a little 
later. So that all the figures seem explicable, if it be assumed that any 
change in the haemoglobin percentage of the capillary blood, unless it he a 
transient one, indicates a corresponding change in the blood volume. In 
cases where the peripheral circulation is reduced to a low level (as in 
Case III), a considerable degree of stasis may result, and then the change in 
the capillary blood may lag far behind the general circulation changes. 

One case of spinal anaesthesia (Case X) is included, and though an exami- 
nation of the blood changes was not possible in this case, yet the changes 
observed are easily explicable when analysed by the formula — the stovaine 
inducing a fall of blood pressure through a partial vasomotor paralysis, and 
this being compensated for by an increased heart output until the resistance 
is raised by vaso-constrietion in other parts. One case (Case XII) of pure 
traumatic shock uncomplicated by haemorrhage or anaesthesia is also included 
for comparison. In this case collapse occurred with great dilution of the 
blood, and this is paralleled by a calculated great loss of vasomotor tone. 

This formula is therefore put forward tentatively as of value in the 
analysis of the circulatory changes in most clinical conditions. It is not 
claimed that its truth is absolute, and it can probably be improved. 

In conclusion, my thanks are due to Prof. Dreyer and Prof. Bayliss for 
much valuable advice, to Lt.-Col. Waring, D.S.O., for the facilities he gave 
me to carry on this research, and to Captain Wagstaffe, F.K.C.S., for assistance 
in many of the cases, and for access to all his patients. 
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